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ABSTRACT 



Context. The unification scheme of Seyfert galaxies hypothesizes that Seyfert type Is and type 2s are intrinsically similar and the ob- 
served differences between the two subtypes are solely due to the differing orientations of toroidal-shaped obscuring material around 
the AGN. In the framework of the unification scheme, both the Seyfert subtypes are expected to show similar intrinsic nuclear proper- 
ties, such as the absorption-corrected AGN X-ray luminosity, bolometric luminosity, accretion rate and the mass of the supermassive 
black hole. 

Aims. To test the predictions of the Seyfert unification scheme, we make statistical comparison of the distributions of: (i) the 
absorption-corrected 2.0 - 10 keV X-ray luminosities, (ii) the bolometric luminosities, (iii) the black hole masses and, (iv) the 
Eddington ratios, of Seyfert type Is and type 2s. 

Methods. We use an optically selected Seyfert sample in which type Is and type 2s are matched in properties that are independent to 
the orientation of the obscuring torus, the AGN axis and the host galaxy. 

Results. The distributions of the absorption-corrected 2.0 - 10 keV X-ray luminosities (L20-10 k v^' me bolometric luminosities (L Bo i), 
the black masses (M B h) and, the Eddington ratios (A) are statistically similar for the two Seyfert subtypes, consistent with the orien- 
tation and obscuration based Seyfert unification scheme. The Eddington ratio distributions suggest that both the Seyfert subtypes are 
accreting at sub-Eddington level with wide span of Eddington ratios i.e., 10~ 4 - 10" 1 . 

Key words. Galaxies: Seyfert - X-rays: galaxies - Galaxies: active 



1. Introduction 

Seyfert galaxies are categorized as nearby, low-luminosity, 
radio-quiet AGNs powered by accretion onto supermassive 
black holes. Seyfert galaxies are classified mainly into two sub- 
classes named as type 1 and type 2, based on the presence and 
absenc e of broad emissi on lines in their optical spectra, respec- 
tively (lAntonuccilll993l) . Seyfert unification scheme hypothe- 
sizes that the two subtypes are intrinsically similar i.e., belong to 
the same parent population and appear different solely due to the 
differing orientations of the obscuring material having toroidal 
geometry around the AGN. When the plane of the obscuring 
torus is along the observer's line-of-sight i.e., edge-on view 
(type 2s), the central engine and broad line region clouds are hid- 
den, while in pole-on view (type Is) the cen tral engine as well as 
broad line region clouds are directly se en dAntonucci & Miller] 
ll985HAntonuccill993tllJrrv et alJl!995h . 

There have been several attempts to investigate the validity 
of Seyfert unification scheme, giving both consistent as well as 
inconsistent results. Results such as the presence of broad emis- 
sion lines in the polarized op tical and infrared spectra of many 
Seyfert 2s dMoran et al.ll2 000). the biconical structure of the nar- 



row line region (IWilsonlll996h . systemati cally higher X-ray ab- 
sorbing column density in Seyfert type 2s dCappi et al.1 2006) and 
simila r nuclear radio properties of both the subtypes et al. 
l20Tlh are consistent with the unification scheme. While, re- 
sults such as the absence of hidden Seyfert 1 nuclei in several 
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Seyfert 2s dTranll200ll l2003h . Seyfert Is being preferentially 
hosted in galaxies of earlier Hubble type dMalkan et alj 1998b. 
lack o f X-ray absorption in some Seyfert 2s dPanessa & Bassanl 
120021) . and Seyfert 2s having a higher propensity of nuclear star- 
bursts dBuchanan et alj 120061) are inconsistent with the unifica- 
tion scheme. Sample selection is arguably the most important 
issue in testing the predictions of Seyfert unification scheme and 
several results inconsistent to the sche me can be explain ed as due 
to the biases inherent in the samples d Antonuccill2002l) . Indeed, 
it has been shown that the Seyfert samples selected from op- 
tical and UV surveys tend to be bi ased against obscured and 
faint sources dHo&Ulvestadll2001l) . The obscuring torus ab- 
sorbs the optical, UV photons emanating from AGN and rera- 
diates in IR. Also, emission at IR wavelengths does not suf- 
fer large extinction, therefore, IR selecte d samples are likely 
to be less susceptible to selection biases dSpinoglio & MalkarJ 
1 1989b . However, IR selected samples can be biased towards un- 
usually dusty and sources with higher level of nuclear star for- 
mation dBuchanan et al.l [20061) . Seyfert samples selected from 
X-ray surveys have al so been used to test the predictions of 
the Seyfert unification dAwaki et al.ll 199 it ISmith & Doiiell 1996k 
iTurner et al.lll997r.lBassani et alJll999h~ However, studies based 
on [OIII] selected samples have shown that the X-ray (E < 
10 keV ) selected samples are biased against hea vily obscured 
AGNs dRisahtietal.ll 19991: iHeckman et alll2005l) . Hard X-ray 
photons can transmit through the obscuring material and there- 
fore, samples based on hard X-ray surveys are expected to be 
least biased. However, Seyfert samples based on INTEGRAL and 
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Swift/BAT surveys preferentially contain relativel y large num- 
ber o f high luminosity and less absorbed Seyferts dTueller et al.l 
I2008t iTreister et ail 120091: iBeckmann etai1l2009h . possibly due 
to less effective area which limits the sensitivity only to bright 
sources (~10~ n erg s cm -2 ). Therefore, samples based on 
hard X-ray surveys are likely to biased ag ainst heavily obscured 
Compton-thick an d low luminosity AGNs (iHeckman et al.l20"05t 
IWang et ai]|2009h . Thus, in general, samples derived from flux 
limited surveys tend to bias against obscured and faint sources. 
The quest of testing the validity and limitations of Seyfert uni- 
fication scheme with more improv e d and well defined samples 
contin u es (e.g., Cappi et al] (12006b: iDadinal (2008); Horst et aT] 
(12008b : iRicci et all (1201 ll) : iBrightman & Nandral d201 lb ), how^ 
ever, issues related to the sample selection still remain. It has 
been argued that the samples based on the properties that are 
independent to the orientation of the obsc uring torus are more 
appropriate to t est the unification scheme dSchmitt et al.ll2003t 
lLal et alj|201 U ISingh et aill201 lb . Such samples are less prone 
to the biases that are gener ally inherent in t he samples derived 
from flux limited surveys. lLal et al.l d201 lb have presented a 
Seyfert sample based on orientation-independent properties and 
the two Seyfert subtypes of this sample are matched in the 
orientation-independent prope rties. Keeping a bove sample se- 
lection issues in mind, we use lLal et al.l d201 it) sample with the 
aim to test the Seyfert unification scheme by making statisti- 
cal comparison of the distributions of nuclear properties such 
as the absorption-corrected 2.0 - 10 keV X-ray luminosities 
(Ljq 10 keV ), the bolometric luminosities (Lb i), the black hole 
masses (Mbh) and the Eddington ratios (A) of the Seyfert type 
Is and type 2s. 

The structure of this paper is as following. In section 2, we dis- 
cuss the sample details. In section 3, we discuss the empirical 
relations that we used to derive the bolometric luminosities of 
the sample sources. A brief note on Eddington ratios is given 
in section 4. In section 5, we discuss the comparisons of the 
absorption-corrected luminosities, the bolometric luminosities, 
the black hole masses and the Eddington ratios of the two Seyfert 
subtypes. Throughout the paper we have assumed cosmological 
parameters Hq = 71 ktrT 1 Mpc~', A m = 0.27, and A vac = 0.73. 



2. The sample 

We use the Seyfert sample of lLal etal] d201 lb that is consist 
of 20 (10 type Is and 10 type 2s) Seyfert galaxies. In this 
sample, Seyfert galaxies are defined as radio-quiet 



10: lKellermann et alJ(ll989h). lo w optical luminosity AGN (Mb 
> -23: ISchmidt & Greenl (1 1983b). hosted in spiral or lenticular 
galaxies dWeedmanll 1977b . The sample selection is based on the 
properties that do not depend on the orientation of the obscur- 
ing torus, the AGN axis and the host galaxy. The orientation- 
independent properties used for the sample selection are: cos- 
mological redshift, [OIII] /15007A line luminosity, Hubble stage 
of the host galaxy, absolute stellar magnitude of the host galaxy 
and absolute bulge magnitude. All these properties are also in- 
timately linked to the evolution of AGN as well as host galaxy. 
The sample is selected such that the two Seyfert subtypes have 
matched distributions in the orien t ation-i ndependent properties. 
We refer readers to see lLal etal] d2011b for greater details on 
the sample selection. The sample was formulated to study the 
nuclear radio properties of Seyferts and is constrained by the 
Ver y Large Baseline Interferometer (VLBI) observing feasibil- 
ity. lLal et al.l d2011b noted that 54 Seyferts met VLBI observ- 
ing feasibility criterion and 29 of these 54 had all the required 



orientation-independent parameters in the literature. From these 
29, they picked 20 Seyferts such that the two Seyfert subtypes 
had matched distributions in the orientation-independent param- 
eters. The sources which were deviating in matching the distri- 
butions of the orientation-independent parameters were left out. 
In other words, the two Seyfert subtypes should lie within the 
same range of values for a given parameter to enter into the sam- 
ple. Also, it was ensured that in a given bin of a parameter dis- 
tribution, type Is do not outnumber the type 2s and vice- versa. 
Indeed, the selected 20 Seyferts are not unique or complete in 
any aspect. Nevertheless, the sample is sufficiently qualified to 
test the predictions of Seyfert unification scheme at any wave- 
length regime since it is based on the orientation-independent 
properties, and ensure that the two Seyfert subtypes are intrin- 
sically similar within the framework of the unification scheme. 
Furthermore, it is possible to enlarge the sample size by relax- 
ing the VLBI observing feasibility criterion, but keeping the cri- 
terion of similar distributions for the two Seyfert subtypes in 
the orientation-independent parameters, intact. However, we em- 
phasize that the more important issue is the sample selection and 
not the sample size. 

The criterion of similar distributions of the orientation- 
independent parameters for the two subtypes and VLBI observ- 
ing feasibility may introduce a positive bias towards the sources 
having similar AGN and host galaxies properties. Therefore, 
this sample may not be claimed as a complete representative 
of the entire class of Seyfert galaxies. However, more impor- 
tantly, matched distributions are essential to ensure that we are 
not comparing entirely intrinsically different sources selected 
from different parts of the evolution function (luminosity, bulge 
mass, Hubble type, redshift). Since the AGN and host galaxy 
properties are likely to affect the AGN surrounding environment 
e.g., opening angle of the o bscuring torus decreases with th e 
increase in AGN luminosity dUeda et al]l2003l: lHasingerll2008b . 
formation of BLR clouds m ay depend on the AGN luminosity 
dLaorll2003l: iNicastrolfeOOOb . in low luminosity AGNs ac cretio n 
rate increases from early-type to late-type galaxies dHoll2009b . 
Therefore, the samples that have large variations in the AGN 
and host galaxy properties are expected to show the effect of 
these variations in the observed properties other than the differ- 
ences ow i ng to the differing orientations of the obscuring torus. 
lLal et al] (1201 lb Seyfert sample based on the matched distribu- 
tions of the orientation-independent parameters, minimizes the 
impact of differences caused by the differing properties of the 
AGN as well as host galaxy. 

Using the same sa mple we have shown in our previous paper 
dSingh et al.l d201 lb . hereafter paper-I) that the comparisons of 
X-ray properties e.g., distributions of the observed X-ray lumi- 
nosities, the absorbing column densities, the equivalent widths 
of Fe Kff line and the flux ratios of 2.0 - 10 keV hard X-ray to 
[OIII] line emission of the two Seyfert subtypes, are consistent 
with the Seyfert unification scheme. 



3. Estimating bolometric luminosity 

In order to calculate the bolometric luminosity of a source 
one requires complete spectral energy distribution (SED) of the 
source over the entire electromagnetic spectrum. However, in 
practice complete SED is not available for most of the AGNs. 
In the literature, both nuclear 2.0 - 10 keV X-ray luminos- 
ity as well as [OIII] /15007A line lumi nosity have been used 
to estimate the bolometric luminosity ( Heckman et al] 120051 : 
iKauffmann & Heckmanll2009HLamastra et al]l2009h~ In follow- 
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ing subsections we discuss the empirical relations that we use to 
estimate the bolometric luminosities for our sample sources. 

3.1. Using X-ray luminosity 

Different studies in the literature have suggested different correc- 
tion factors to estimate th e bolometric luminosity fro m the 2.0 - 
10 keV X-ray luminosity dElvis et al ]l!994lHoll2008l) . However, 
SED of an AGN vary with accretion rate and therefore it may not 
be appropriate to use a single correction factor to estimate the 
bolometric luminosity (Lb i) from the nuclear X-ray luminos- 
ity (L2.0 - 10 kev)- We estimated the bolometric luminosity from 
absorption-corrected 2.0 - 10 keV X-ray lumin osity using the 
empirical relation given in lMarconi et al.l (120041) . 



log I 



LboI 



""2.0 - 10 keV 



= 1.54 + 0.24X + 0.012i: 2 - 0.0015X 3 (1) 



wh ere £ = logLfioi - 1 2, and Lb i, L^o-iokeV ar e in units of 
L^- lMarconi et al.l (12004]) derived this bolometric correction us- 
ing an average intrinsic spectral energy distribution template 
for radio-quiet AGNs and also accounted for the variations in 
AGN SEDs by using the well-known anti-correlation between 
the optical-to-X-ray spectral index (aox) and 2500 A luminos- 
ity. We obtain the absorption-corrected 2.0 - 10 keV X-ray lu- 
minosities (Ljq 10 keV ) of our sample sources using the 0.5 - 10 
keV XMM- N X-ray spectral fits (see, Paper-I). For Compton-thin 
sources, the absorbing column densities are accurately known 
and thus the absorption-corrected fluxes/luminosities can be ob- 
tained by fixing the equivalent hydrogen column density (Nh) 
equal to '0' in the best X-ray spectral fitting models. However, 
the correction for X-ray absorption in case of the Compton- 
thick sources is non-trivial since photoelectric absorption cut-off 
and hence absorbing column density is not measurable by the 
X-ray observations that are limited up to 10 keV, e.g., XMM- 
Newton, Chandra and ASCA observations. In order to get the 
absorption-corrected X-ray fluxes for Compton-thick sources 
we have used flux diagnostic ratio which is based on mea- 
suring the X-ray flux against [OIII] /15007A flux, i.e., Rx = 
F20 E 100 teV dBassani et al.lll999HPanessa et alj|2006l) . We estimate 

i*[0IIIl 

the absorption-corrected 2.0 - 10.0 keV X-ray flux/luminosity 
for a Compton-thick source by multiplying the observed 
flux/luminosity with a correction factor f COI that is approximated 
as the ratio of the medians of Rx Co mpton-thin to Rx Co mpton-thick 
(i.e., f C01 - = miim , iGonzalez-Martm et all d2009l) 1. 

^■ x Compion-ihiek, median 

where Rx C ompton-thta is ^7™™*°* (i.e., the ratio of the 
absorption-corrected 2.0 - 10.0 keV flux to the reddening cor- 
rected [OIII] /15007A flux for a Compton-thin source), while 
Rxcompton-thkk is ^f^f*^ (i.e., the ratio of the observed 2.0 

- 10.0 keV flux to the reddening corrected [OIII] /15007A flux 
for a Compton-thick sources). In paper-I we report that in our 
sample of 20 Seyferts, 7/10 type 2 Seyferts are Compton-thick 
and 13 Seyferts (10 type Is and 3 type 2s) are Compton-thin. 
Using the median values of Rx Co mpton-thin and Rx Co mpton-thick 
in this sample, we estimated the absorption cor rection factor 
f cor ~ 70, which is close to the one reported in iPanessa et al.l 
(200<J by using similar flux diagnostic method but considering 
the flux ratios of Seyfert type Is and type 2s rather than that 
of Compton-thick and Compton-thin sources. We caution that 
the true value of the correction factor (f col ) may be different for 
different sources depending upon the true value of the absorb- 
ing column density. Moreover, we note that our approximated 



value for the correction factor F cor is not too different than that 
for the typical Compton-th ick Seyferts dLevenson et al.l l2006t 
iBrightman & N andra 201 1) and therefore, it is unlikely to affect 
our analysis statistically. 

3.2. Using [OIII] A5007A line luminosity 

The [OIII] /15007A line emission originates in the narrow line 
region and its luminosity correlates with th e total AGN power 
dMulchaev et al.ll 1994 IHeckman et al.ll2005l) . Also unlike X-ray 
emission which can be heavily absorbed (e.g., in Compton-thick 
AGNs), [OIII] line emission is not much affected by dust obscu- 
ration from the torus since i t originates in the narro w line region 
which lies outside the torus. iHeckman et al.l(l2004l) reported that 
for type 1 Seyfert nuclei the average bolometric correction to 
the extinction uncorrected [OIII] luminosity is (Lb i/L[oiii]) ~ 
3500, with a variance of 0.38. However, extinction for the [OIII] 
emission caused by dust present in NLR itself can be substantial 
and therefore extinction-corrected [OIII] luminosity (Lq HI ) is a 
more direct indicator of the nuclear luminosity. To estimate the 
bolometric luminosity from the [Q UI] line luminos i ty we have 
used the correction factors given in lLamastra et al.l (120091) that 
are est imated by following a method similar to IHeckman et al.l 
(|2004|) . but using the extin ction-corrected [QUI] l uminosity in- 
stead of the observed one. lLamastra et al.l (120091) reported the 
luminosity dependent bolometric correction factors (C[oni]) 87, 
142, 454 for the [OIII] luminosity ranges logL [0 m] = 38 - 40, 
40 - 42, 42 - 44, respectively. The luminosity-dependent [OIII] 
correction factors (C[om]) are obtained by using Lx - L[ 0III j 
correlation fit and the luminosity-d ependent X-ray bolometric 
correction of iMarconi et al.l d2004l) . For the sources which do 
not have extinc t ion-co rrected [OIII] luminosities we have used 
IHeckman et al.l (120041) relation to derive the bolometric lumi- 
nosities. 



4. Eddington ratio 

Eddington luminosity (L Ed d) - 1.3 x 10 38 (M bi1 /Mq) is an up- 
per limit of the luminosity produced by a black hole of mass 
Mbh- The Eddington limit is a physical limit at which the out- 
ward radiation pressure from the accreting matter balances the 
inward gravitational pressure exerted by the black hole. The 
mass accretion rate can be parametrized by Eddington ratio (A 
= Lfioi/LEdd) that is the ratio of the bolometric luminosity (Lb i) 
to the Eddington luminosity (LEdd) for a given black hole mass 
(Mbh)- The Eddington ratio can be expressed as 



0.1 



-bol 



M 



BH 



(2) 



L Edd ""\1.4x lO 44 ergs-'/\lO 7 M / 

dWang&Zhand 120071) . For all of our sample sources (except 
for MRK 1218), the estimated black hole mass is available in 
the literature. The black hole masses are estimated using dif- 
ferent methods such as reverberation mapping , M-<x relation 
dGebhardt et al.l2000fclF~errarese & Merrittl2000l) . In order to cal- 
culate Eddington ratio, we need bolometric luminosity (Lb i) 
that we estimate using the absorption-corrected 2.0 - 10 keV X- 
ray luminosity as well as the [OIII] line luminosity. Thus, for a 
source, we have two values of the Eddington ratio, one is Ax, 
where Lg o] is used for the bolometric luminosity and the other 

one is /l[onrj, where L^ 1 ^ is used for the bolometric luminosity. 
Figure 3 shows that the bolometric luminosities obtained from 
the X-ray (L* ol ) and the [OIII] luminosities (L™) are simi- 
lar. There are three sources (i.e., MRK 231, MRK 1 and NGC 
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Table 1. Absorption-corrected 2.0 - 10 keV X-ray luminosities, bolometric luminosities, black hole 
masses and Eddington ratios for two Seyfert subtypes. 



Name 


Seyfert 
type 


l°gL 2 .0-10 keV 

(erg s _1 ) 


l°§L[omj 
(erg s" 1 ) 


lo g L Boi 
(erg s ') 


/Ml 

(erg s~') 


log M BH 

(Ma) 


Ref 


log/lx 


l0g/l|0111] 


MCG+8-11-11 


1 


43.79 


42.43 


45.25 


45.09 


8.06 


6 


-1.92 


-2.09 


MRK 1218 


1 


42.69 


41.61 


43.87 


43.76 










NGC 2639 


1 


41.92 


40.86 


42.94 


43.02 


8.02 


3 


-4.20 


-4.12 


NGC4151 


1 


42.40 


41.39 


43.51 


43.54 


7.18 


2 


-2.79 


-2.75 


MRK 766 


1 


42.50 


41.84 


43.62 


43.99 


6.64 


4 


-2.13 


-1.76 


MRK 231 


1 


42.53 


41.96+ 


43.66 


45.51 


7.24 


5 


-2.69 


-0.85 


ARK 564 


1 


43.37 


41.38+ 


44.71 


44.93 


6.50 


4 


-0.91 


-0.69 


NGC 7469 


1 


43.45 


42.96 


44.82 


45.62 


6.84 


7 


-1.14 


-0.34 


MRK 926 


1 


44.20 


42.25+ 


45.79 


45.79 


7.14 


6 


-0.47 


-0.46 


MRK 530 


1 


43.70 


40.98+ 


45.14 


44.53 


8.08 


7 


-2.06 


-2.67 


MRK 348 


2 


43.45 


42.19 


44.81 


44.85 


7.21 


7 


-1.51 


-1.47 


MRK 1 


2 


42.50 


42.39 


43.63 


45.04 


7.16 


7 


-2.64 


-1.23 


NGC 2273 


2 


42.74 


41.16 


43.92 


43.82 


7.30 


7 


-2.50 


-2.60 


MRK 78 


2 


44.09 


43.29 


45.64 


45.94 


7.87 


7 


-1.34 


-1.04 


NGC 5135 


2 


42.68 


42.42 


43.85 


45.08 


7.35 


1 


-2.62 


-1.39 


MRK 477 


2 


44.44 


43.44 


46.11 


46.10 


7.20 


1 


-0.21 


-0.22 


NGC 5929 


2 


42.04 


40.98 


43.07 


43.64 


7.25 


7 


-3.29 


-2.72 


NGC 7212 


2 


43.90 


42.80 


45.39 


45.46 


7.47 


1 


-1.19 


-1.12 


MRK 533 


2 


43.91 


42.64 


45.41 


45.30 


7.56 


7 


-1.27 


-1.38 


NGC 7682 


2 


43.07 


41.76 


44.33 


44.42 


7.28 


7 


-2.06 


-1.98 



Notes: Col. (1), source name; col. (2), Seyfert subtype; col. (3), absorption-corrected 2.0 - 10 keV X-ray 
luminosity; col. (4), extinction-corrected [OIII] luminosity; col. (5), bolometric luminosity derived from 2.0 - 
10 keV X-ray luminosity; col. (6), bolometric luminosity derived from [OIII] line luminosity; col. (7), black 
hole masses; col. (8), references for black hole masses; col. (9) Eddington ratio where the estimated bolometric 
luminosity is derived from X-ray luminosity; col (10), Eddington ratio where the estimated bolometric 
luminosity is derived from [OIII] line luminosity. 

f : [OIII] lumin osity is uncorrected for extinction as the B a imer decrement value is u navailable. 

References- 1: iBian& Gul j2007h. 2: iKaspi et al.l fcOOQh. 3: McElory (1995), 4: iMerloni et al"] d2003h . 5: 
iDasvra et alj d2006l) . 6: IWang & Zhand l l2007h . 7: IWoo & Urrvl f2003> . 
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lo 9 L 2.0-10 keV, cor ( er 9 s ') 
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log M BH 
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Fig. 1. Left: Distributions of the absorption-corrected 2.0 - 10 keV X-ray luminosities (L2.0 - 10 kev) for the two Seyfert subtypes. 
Right: Distribution of the black hole masses (in M units) for the two Seyfert subtypes. 



5135) which show more than one order of magnitude difference 
between Lg ol and L{?^. One possible reason for it may be that 

iJg 1 ^ values for these sources are overestimated due to large 
scatter involved in L^ .^ - Lb i relati on i.e., in bolometric cor- 
rection factor C[OIII] (lLamastra et al.ll200^) . Starburst contami- 
nation to L[oni] may also attribute to the ove restimation of Lg° ™ ] 
as some of these sources e.g., MKR 231 dTavlor et al.l [l999), 
NGC 5135 (iGonzalez Delgado et all 1 19981) are known to host 
circumnuclear starburst. Furthermore, L[om] is only an indirect 
estimator of the nuclear luminosity and it depends on various 
factors such as on the geometry of the system, on the amount 



of gas, and on any possible shielding effect that may affect the 
ionizing radiation seen by the NLR. 

5. Discussion 

Table 1 lists the absorption-corrected 2.0 - 10 keV X-ray lumi- 
nosities (Lj 10 keV ), the extinction-corrected [OIII] 5007 A line 
luminosities (Lj 0nr] ), the bolometric luminosities derived from 

the X-ray as well as the [OIII] luminosities (L* ol , L™), the 
black hole masses (Mbh) and the Eddington ratios (Ax, /l[om]) 
for the Seyfert type Is and type 2s of our sample. In following 
subsections we discuss the statistical comparisons of the nuclear 
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42 



43 44 45 46 
log L M , „ (erg s"') 



47 



48 



44 45 46 
lo 9 L boi.[am] ( er 9 s ') 



48 



Fig. 2. Distributions of the bolometric luminosities (Lb i) for the two Seyfert subtypes. Left: Lb i is derived from L!j _ 10 keV , Right: 
LboI is derived from L[om] . 
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Fig. 4. Distributions of the Eddington ratios for the two Seyfert subtypes. Left: Lb i is derived from L2.0 - 10 keV, Right: Lb i is 
derived from L[onrj. 



Table 2. Medians and Kolmogorov-Smirnov two sample tests 
for the statistical comparison of various distributions of the two 
Seyfert subtypes 



Distribution 


Median 
Type Is Type 2s 


D 


p value 


log Lq .5-2, kcV 


43.15 


43.30 


0.3 


0.79 


logL M 


44.47 


44.63 


0.3 


0.79 


los L [Sffil 

1U & ^Bol 


44.64 


45.01 


0.2 


0.99 


log M BH 


7.18 


7.29 


0.5 


0.16 


log A x 


-2.06 


-1.70 


0.2 


0.98 


log A [omi 


-1.76 


-1.38 


0.3 


0.75 



Kolmogorov - Smirnov two sample test examines the hypothesis that 
two samples comes from same distribution. D = Sup x |Sl(x) - S2(x)| 
is the maximum difference between the cumulative distributions of two 
samples Sl(x) and S2(x), respectively. 

properties of the two Seyfert subtypes with the primary aim to 
examine the validity of Seyfert unification scheme. 

5.1. Comparison of absorption-corrected 2.0 - 10 keV X-ray 
luminosities 

In the unification scenario, the X-ray emitting AGN in Seyfert 
type 2s is viewed through the obscuring torus and therefore 
Seyfert type 2s are expected to show lower observed 2.0 - 10 
keV X-ray luminosities than type Is as long as the obscuring 




log Lj (erg s _l ) 



Fig. 3. Comparison of the bolometric luminosities (Lb i) ob- 
tained from L2.0 - 10 keV and L[omj respectively. The solid line 
represents Lg ol = L^ 111 line. 



column density is sufficiently high (Nh > 10 22 cm -2 ). We have 
shown in paper-I that the Seyfert type 2s compared to type Is, 
show systematically lower observed soft (0.5 - 2.0 keV) and hard 
(2.0 - 10 keV) X-ray luminosities, consistent with the unifica- 
tion scheme. Since the differences between the two Seyfert sub- 
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types are due to the differing orientations of the obscuring torus 
and therefore if 2.0 - 10 keV X-ray luminosities are corrected 
for the line-of-sight absorption, both Seyfert type Is and type 
2s are expected to show similar 2.0 - 10 keV luminosity distri- 
butions. Figure 1 shows the 2.0 - 10 keV absorption-corrected 
X-ray luminosity distributions for the two Seyfert subtypes of 
our sample. In our sample, the type Is have L! 



2.0 -10 keV 



in the 

range of ~ 8.3 x 10 41 to ~ 1.6 x 10 44 erg s _1 with the median 
value ~ 1.5 x 10 43 erg s _1 , while for type 2s, Lj _ 10 keV ranges 
from ~ 1.1 x 10 42 to ~ 2.8 x 10 44 erg s with the median value 
~ 2.0 x 10 43 erg s _1 . The two sample KS test confirms that the 
Seyfert type Is and type 2s have similar 2.0 - 10 keV absorption- 
corrected X-ray luminosity distributions, consistent with the uni- 
fication scheme. The KS test shows that there is ~ 79% prob- 
ability that the Lj _ 10keV distributions of type 1 and type 2 
Seyferts are drawn from the same parent population (Table 2). 
The absorption-corrected 2.0 - 10 keV X-ray luminosities for 
our sample Se yferts are similar to the ones reported in the pre- 
vious studies dCappi et"ai]|2006l) . The absorption-corrected 2.0 
- 10 keV X-ray luminosity can be considered as the representa- 
tive of AGN power as long as the X-ray photons in the 2.0 - 10 
keV band are not substantially diminished by other than photo- 
electric absorption and are not contaminated by non-AGN emis- 
sion. Circumnuclear starburst is reporte d to be present in som e 
of our sampl e sources {e.g., MRK 477. dHeckman et al.ll 1 997h ; 
NGC 5135, dGonzalez Dekado et al.1 Il998h ). however, it has 
been argued that the circumnuclear starburst mainly contribute 
to the soft X-ray 0.5 - 2.0 keV band and its c ontamination to 
2.0- 10 keV keV energy band is not substantial dLevenson et alJ 
12004 . 

5.2. Comparison of AGN bolometric luminosities 

The bolometric luminosity of AGN represents the rate of 
energy emitted over the entire electromagnetic waveband by the 
accreting black hole. AGN bolometric (Lb i) depends on the 
mass accretion rate and the radiative efficiency of the accreting 
matter. Therefore, if Seyfert type Is and type 2s are intrinsically 
similar as hypothesized by the unification scheme, then both the 
subtypes should show similar distributions of the bolometric 
luminosity. As discussed in the section 3, we have estimated 
the bolometric luminosities of our sample sources using the 
absorption-corrected 2.0 - 10 keV X-ray luminosity as well as 
the [OIII] line luminosity. Figure 2 shows the distributions of 
bolometric luminosities (Lg o] and L^' 111 ) for the Seyfert type Is 
and type 2s. In our sample, Seyfert type Is have Lg o] ranging 
from ~ 8.7 x 10 42 to ~ 6.2 x 10 46 erg s with the median value 
~ 3.0 x 10 44 erg s , while type 2s have Lg o] in the range of ~ 
1.2 x 10 43 to ~ 1.3 x 10 46 erg s" 1 with the median value ~ 4.3 
X 10 44 erg s _1 . The bolometric luminosities derived from the 
[OIII] luminosities (L^ 111 ) also span over similar range. The 
L™ for type Is spans over ~ 1.0 X 10 43 to ~ 6.2 x 10 46 erg s" 1 
with the median value ~ 4.4 x 10 44 erg s _1 , while for type 2s, it 
ranges from ~ 4.4 x 10 44 to ~ 1.3 x 10 46 erg s _1 with the median 
value ~ 1.0 x 10 45 erg s . The two sample KS test shows that 
the two Seyfert subtypes of our sample have similar distributions 
of bolometric luminosities (Lg ol and L^ 11 '). There is ~ 79% 
and 



99% probability, respectively that the Lg o) and L Bo] 



[OIII] 



scheme. The bolometric luminosities (derived from the X-ray as 
well as the [OIII] luminosities) for the Seyferts of our sample 
are in agr eement with the ones reported in the previous studies 
(lHdl2009h . 



5.3. Comparison of black hole masses 

Black hole mass is one of the fundamental parameters of AGN 
and if Seyfert type Is and type 2s differ only due to the ori- 
entation of obscuring torus and host similar AGN, then, they 
are expected to have similar distributions of the supermassive 
black hole masses. We note that in our sample, black hole masses 
(M B h) for Seyfert type Is span over ~ 3.2 X 10 6 to ~ 1.2 x 10 8 
M with the median value ~ 1.5 x 10 7 M , while for type 2s, 
it ranges from ~ 1.4 x 10 7 to ~ 7.4 x 10 7 M Q with the median 
value ~ 1.9 x 10 7 M Q . The comparison shows that the distribu- 
tions of the black hole masses for the type Is and type 2s of our 
sample are not significantly different (Figure 1), which is consis- 
tent with the unification scheme. The low p-value ~ 0.16 (Table 
2) in the two sample KS test could be attributed to the small sam- 
ple size. Our results are broadly in agreement with the previous 
studie s dPanessa et al. 1 120061: iBian & Gul 120071: IMiddleton et al.l 
120081) which report that the black hole mass (Mbh) distributions 
are similar for Seyfert type Is and type 2s. 



5.4. Comparison of Eddington ratios 

Eddington ratio (A = LBoi/Ledd) *■<?., AGN bolometric lumi- 
nosity normalized with Eddington lumin osity can be us ed to 
characterize the level of nuclear activity (lHoll2008l 120091) . For 
our sample sources we have two estimates of Eddington ratios 
i.e., Ax, where absorption-corrected 2.0 - 10 keV X-ray luminos- 
ity is used to estimate the AGN bolometric luminosity (Lb i) and 
%)rrrj, where [OIII] luminosity is used to estimate Lb i- Figure 
4 shows the distributions of Ax and /l[om] for the two Seyfert 
subtypes. We note that for the Seyfert type Is, Ax ranges from 



8.7 x 10~ 3 , 
■ 6.2 x 10~' 



distributions of Seyfert type Is and type 2s are drawn from the 
same parent population (Table 2). The similar distributions of 
the bolometric luminosities for the Seyfert type Is and type 2s 
of our sample are in the lines as expected from the unification 



6.3 x 10 to ~ 3.5 x 10 with the median value 
while for type 2s, it ranges from ~ 5.1 x 10~ 4 to 
with the median value ~ 2.0 x 10 -2 . The two sample KS test 
shows that there is ~ 98% probability that the Ax distributions 
of Seyfert type Is and type 2s are drawn from the same parent 
population (Table 2). The distributions of /l[oni] are also similar 
(p-value ~ 0.75) for the two Seyfert subtypes. For Seyfert type 
Is, /i[oni] spans over ~ 7.6 x 10~ 5 to ~ 4.6 x 10 1 with the me- 
dian value ~ 1.7 x 10 -3 , while for type 2s, it spans over ~ 1.9 
x 10" 3 to ~ 6.2 x 10 _1 with the median value ~ 4.2 x 10~ 2 . 
The similar distributions of Eddington ratios for the two Seyfert 
subtypes implies that type Is and type 2s have similar level of ac- 
cretion and therefore, both the subtypes are intrinsically similar. 
Some of the literature studies have reported that the Seyfert type 
2 galaxies accrete at lower Eddington ratios than type 1 Seyfert 
galaxies although black hole mass distr i butions for the two sub - 
types are similar dPanessa et al 1 120061: IMiddleton et al.l [2008b . 
Our results are in contrary to these studies which report that the 
Seyfert type 2s are accreting at lower Eddington ratios in com- 
pared to type Is. We note that while discussing the difference 
in the Edding t on rati o distributions of the two Seyfert subtypes, 
iPanessa et al. d2006l) mention the points of caveats, e.g., they 
used a constant correction factor to estimate the bolometric lumi- 
nosity which may not be appropriate with the fact that the bolo- 
metric luminosity depends on the shape of the spectral energy 
distribution which could differ from high to low luminosity AGN 
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(lHolll999t iMarconi et al 1 l2004l) . Also, the absorption-corrected 
X-ray luminosity distributions for type Is and 2s of their sam- 
ple are substantially different whic h may consequently affe ct the 
distributions of Eddington ratios. Middleto n et al.l Q2008') sam- 
ple is based on hard X-ray observations i.e., INTEGRAL-IBIS, 
BeppoSAX-PDS, CGRO-OSSE, an d therefore it may be bi ased 
to towards relatively bright sources. iMiddleton et~aTT(l2008l) em- 
phasized that Seyfert type Is and type 2s need to be matched in 
intrinsic properties such as Eddington ratio in order to explore 
the orientation based differences. In fact, we follow the similar 
approach by using a sample in which two Sey fert subtypes ar e 
matched in orientation-independent properties dLal et al.ll201 ll) . 

Seyfert galaxies of our sample have Eddington ratios much 
lower compared to lu minous AGNs (i.e., quasars showing 
Eddington ratios > 10~' (IShemmer et al 1 l2006h i suggesting that 
the low luminosity of Seyfert AGN is likely due to low accretion 
rate. The AGN bolometric luminosities of the Seyfert galaxies 
(considering both the subtypes together) of our sample range 
from ~ 8.7 x 10 42 erg s _1 to ~ 6.2 x 10 46 erg s _1 with the median 
value of ~ 3.6 x 10 44 erg s _1 . If this AGN emission is produced 
by a canonical optically th ick, geometrically thin accretion disk 
dShakura & Sunvaevll 1973b that radiates at L acc = 77MC 2 = 5.7 x 
10 45 (77/0. 1) (M/M year -1 ) erg s _1 (see, lHo1 (l2009h 1. then we ex- 
pect a typical mass accretion rate in the range of M ~ 1.5 x 1CT 3 
-11 M Q year 1 with the median valu e of 6.3 x 1 CT 2 M Q year -1 , 
assuming radiative efficiency 77 = O.l. lHol (l2009t) argued that the 
fuel required for the accretion rate M ~ 10~ 3 M yr~' can read- 
ily be supplied by the mass loss from evolved stars present in 
the bulge and the diffuse hot gas present in the circumnuclear 
region. The additional supply of fuel such as higher mass loss 
rates from the circumnuclear starburst, dissipation from larger 
scales nuclear bar or spirals and stellar tidal disruption is likely 
to present and therefore higher accretion rates are expected than 
that shown by low lumi nosity Seyferts. Radi a tively inefficien t 
accretion flows (RIAFs; (INaravan et al.lll998t lOuataertHIrjoTh l 
are generally invoked to explain the observed low Eddington 
ratios in low luminosity AGN. The relation between accretion 
rate and luminosity in RIAFs can be expressed as m a 0.7 
(o'/0.3)(Lb o i/LEdd) 1 ^ 2 , where rh = M/M pdd and a i s viscosity pa- 
rameter assumed to be ~ 0.1 - 0.3 (see JHol (120091) ). The Seyfert 
galaxies of our sample have Lboi/Lndd ~ 6.3 x 10~ 5 - 6.2 x 10 _I 
and this implies m a 1.9 x 10~ 3 - 1.8 x 10~ 2 . These values of 
accretion rates lie well within the regime of optically thin RIAFs 
(m < m crit *ff 2 *0.1 (iNaravan et al.ll 1998h . 



6. Conclusions 

- We have argued for the importance of sample selection in 
testing the predictions of the Seyfert unification scheme 
and showed that the distributions of the nuclear properties 
i.e., the absorption-corrected 2.0 - 10 keV X-ray luminosi- 
ties, the bolometric luminosities, the black hole masses and 
the Eddington ratios are similar for the two Seyfert subtypes 
of a sample based on orientation-independent properties. Our 
results on the statistical comparison of the nuclear properties 
of the Seyfert type Is and type 2s are consistent with the ori- 
entation and obscuration based Seyfert unification scheme. 

- The absorption-corrected 2.0 -10 keV X-ray luminosities are 
in the range of ~10 42 - 10 44 erg s for both the Seyfert sub- 
types, with similar median values. The estimated bolometric 
luminosities derived from the X-ray as well as the [OIII] lu- 
minosities are in range of ~10 43 - 10 46 erg s _1 for both the 
Seyfert subtypes, with similar median values. 



- Both the Seyfert subtypes accrete with sub-Eddington rates 
i.e., Eddington ratios range ~ 10~ 4 - 10 _1 in compared 
to luminous AGNs (e.g., quasars with Eddington ratio 
~ 1). The plausible explanation for the substantially low 
Eddington ratios may be the radiatively inefficient accretion 
such as advection domin ated accretion flow and their vari- 
ants (INaravan & Yilll994l) . 
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